I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The onset of puberty in males is associated with heightened self-esteem, increased aggression, and an increased sense of social dominance.\[[@ref1]--[@ref3]\] Sexual precocity in boys may be due to a premature activation of the hypothalamo-pituitary-gonadal axis (also referred to as true precocious puberty) or peripheral production of androgens from the adrenals or testis (i.e., congenital adrenal hyperplasia and adrenal or testicular tumors) or due to hypersensitivity to gonadotropins (i.e., testotoxicosis). All these conditions are characterized by increased levels of androgens. Precocious androgen exposure (sexual precocity) is associated with behavioral problems in the form of increased physical and verbal aggression, poor school performance, and social maladjustments.\[[@ref4]\] Sonis *et al*., described 33 children with precocious puberty (due to different causes). Twenty-seven percent of these children scored above the ninety-eighth percentile on the aggression scale.\[[@ref5]\] Money and Alexander reported temper tantrums and increased energy expenditure in some of the 18 boys with precocious puberty (four idiopathic precocious puberty and 14 CAH).\[[@ref6]\] Increased aggression was observed in two of the 24 males with precocious puberty.\[[@ref4]\] The aggression in one male was so severe that admission to Psychiatry and later transfer to a mental hospital was required. It is not known why only some children with sexual precocity manifest with aggressive behavior. Differences in the pathogenetic mechanisms for sexual precocity may underlie the differences in the manifestations of behavioral aggression. Duration of androgen exposure, social factors, and levels of other hormones may variably influence behavioral aggression.\[[@ref7]--[@ref9]\] Even as testosterone levels are high in all the conditions leading to sexual precocity, androgen precursors and cortisol levels differ depending on the etiology and age at presentation. Some previous studies have suggested that androgen precursors and cortisol may moderate androgen response to behavioral aggressiveness.\[[@ref10][@ref11]\] Sexual precocity provides natural models to study the effects of androgens on aggressive behavior. The aim of the present study was to assess behavioral aggression in boys with sexual precocity due to different conditions.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Boys with sexual precocity attending this hospital were enrolled for this study. They underwent detailed evaluation, including medical history and a physical examination, including anthropometry, hormonal assessment, and radiological evaluation, to identify the pathological basis for the sexual precocity. Prior to the treatment, the parents of these children were asked to rate their child\'s behavior using the CASP-questionnaire (children\'s aggression scale-parent version).\[[@ref10]\] This scale had 33 items, each representing the five domains (verbal aggression, aggression against objects and animals, provoked physical aggression, unprovoked physical aggression, and use of weapons). The CAS-P questionnaire gauges the frequency and severity of the aggressive acts within each domain. Differences in frequency are accounted for by assigning each rating on the Likert Scale with a whole number value (i.e., never = 0, once / month or less = 1, once per week or less = 3, and most days = 4), which is multiplied by the weighting value of each item. The validity and reliability of the CAS-P scale and the high internal consistency and correlation with other rating scales has been demonstrated earlier.\[[@ref10]\] Parents were also queried with regard to the problems related to aggression faced by the family at home and at school.

Hormonal assays {#sec2-1}
---------------

Samples for Luteinizing hormone (LH), Follicle-stimulating hormone (FSH), Adrenocorticotropic hormone (ACTH), cortisol, dehydroepiandrosterone (DHEAS), and testosterone were measured by electrochemiluminescence (ELECSYS2010, Roche diagnostics). The 17-OH-progesterone (17 OHP) was measured by radio immunoassay (kit supplied by Immunotech, Marcelle, France. Magnetic resonance imaging (MRI) was done for cranial imaging, while computed tomography / ultrasound was used for abdominal imaging. The luteinizing hormone-releasing hormone (LHRH) stimulation test was performed with Triptorelin (LHRH analog) given in the dose of 100 μg, subcutaneously. Samples for LH and FSH were estimated at 0, 2, 4, 8, and 24 hours, respectively.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Seven boys with sexual precocity were enrolled for this study. Investigations revealed that three had testotoxicosis, two had CAH, and two had central precocious puberty (1- pinealoma and 1-Idiopathic Precocious Puberty). The age at presentation and details of hormonal investigations are given in [Table 1](#T1){ref-type="table"}. The mother of MA commented that her child had age-appropriate genitalia till six months back, which had grown to almost an adult-sized phallus recently. This was in contrast to other children who had gradual enlargement of their genitalia over a period of one to three years. Testosterone levels were high in all the patients. Parents of patients with CAH denied any history of physical or verbal aggression in them. Their CASP rating was 0. In contrast, the CASP rating for all domains of aggression in boys with testotoxicosis and idiopathic precocious puberty were high \[[Table 2](#T2){ref-type="table"}\]. The three boys with testotoxicosis scored 3.1, 12.8, and 24.2 on verbal aggression, 2.6, 4.3, and 8.3 on aggression against objects and animals, 1.0, 1.0, and 5.6 on a scale of provoked physical aggression, and 3.1, 3.2, and 7.1 on a scale of unprovoked physical aggression. Among the three boys with testotoxicosis, MA was comparatively less aggressive as compared to the other two. He also had a more rapid progression of symptoms compared to other children. The CASP rating for the boys with precocious puberty for five domains ranged from 0 -- 10.1. The parents of all the children felt that their children were intelligent and had good learning abilities. The parents of RG reported that he was experiencing difficulty adjusting at school. He was jeered at by other children for his tall stature and masculine voice. This resulted in frequent fights. He had also used bricks on two occasions to hurt other children. The parents had discussed his illness and these issues with the school authorities, but there was little improvement. RG did not want to go to school. The relatives and elders in the house suggested transfer to another school and a higher class (class 1) for his age. SP, a boy with testotoxicosis, also used to have frequent fights with children at school. MK, one with IPP, was living with his grandparents and mother, as he had lost father at an early age. The grandfather felt his grandson was quite intelligent. He was also facing problems adjusting in school.
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Hormonal details for the subjects
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Measures of aggression representing five domains for the subjects
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Several studies have shown a positive, albeit a low association between aggression and androgen levels in adult males. However, a few studies have reported lack of association between the two parameters.\[[@ref7][@ref12]--[@ref14]\] Lack of uniformity of data has been attributed to a number of factors that include differences in the parameters used to define various aspects of behavioral aggression, social and developmental factors, and the modulating effect of the intelligence on aggressive behavior.\[[@ref7]--[@ref9][@ref15]\] It has also been suggested that hormonal factors, especially some components of the HPA axis (cortisol and androgen precursors), besides testosterone, may affect the expression of behavioral aggression.\[[@ref10][@ref11]\] Low cortisol levels and low cortisol variability have been shown to be associated with increased aggression and antisocial behavior.\[[@ref16]--[@ref18]\] In contrast, Scerbo *et al*., reported no interaction between testosterone and cortisol in relation to aggression.\[[@ref11]\] Van Goozen *et al*., observed a positive relationship between androstenedione (androgen precursor) and aggressive behavior in the conduct disorder of prepubertal boys.\[[@ref19]\] Azurmendi *et al*., also observed a positive association between aggression and androstenedione levels, but no relationship with the DHEA levels in five-year-old boys.\[[@ref20]\] In contrast, Susman *et al*., reported a lack of association between androstenedione or DHEA levels and aggression in male volunteers aged 10 -- 14 years.\[[@ref2]\] It is difficult to interpret these different studies, as gonadal and adrenal steroids in normal individuals show that wide inter-individual variations fluctuate throughout the day and vary with various extrinsic factors.

The present study included patients with congenital adrenal hyperplasia (CAH), testotoxicosis, and central precocious puberty. All these conditions are rare hormonal disorders, characterized by a precocious androgen excess that provide natural models, to study the role of androgens on behavior during childhood. CAH is an autosomal recessive disorder,\[[@ref21]\] caused due to the deficiency of one of the five enzymes involved in adrenal steroidogenesis.\[[@ref22]\] Steroid deficiency leads to ACTH excess and adrenal androgen overproduction. Testotoxicosis is another rare autosomal dominant disorder that is characterized by increased androgen production, as a consequence of the autoactivation of the LH receptor.\[[@ref23][@ref24]\] The hypothalamo-pituitary-adrenal axis is essentially normal in patients with testotoxicosis. Central precocious puberty is a true puberty, wherein there is a premature activation of the hypothalamo-pituitary-gonadal axis. The various causes for central precocious puberty include hypothalamic and pituitary tumors, infections or radiation. Pineal tumors are extremely rare causes for precocious puberty.

The two males with CAH in the present study had absence of any features of behavioral aggression, as reported by the parents. These results are in agreement with the previous reports. Pasterski *et al*., reported no increase in aggression or activity in 29 boys with CAH (age 3 -- 11 years) in comparison to the normal controls.\[[@ref25]\] Lack of behavioral aggression was also reported in some previous studies in young boys with CAH.\[[@ref26][@ref27]\] Females with CAH are known to express a tomboyish behavior and have preferences for male play toys during childhood.\[[@ref28]--[@ref31]\] However, studies on other aspects of aggression, dominance or activity have shown mixed results.\[[@ref26][@ref27][@ref32][@ref33]\]

The three boys with testotoxicosis in the present study scored high on the CASP scale for aggressive behavior. The two boys with central precocious puberty also scored high on the aggression scale. One patient with testotoxicosis, who had a rapid progression of symptoms, was comparatively less aggressive than the other children, with either precocious puberty or testotoxicosis. It is possible that the degree of behavioral aggressiveness is affected by the duration of androgen exposure. Testotoxicosis being a rare disorder, there are no systematic studies assessing the behavior pattern of these boys. Anecdotal case reports have shown high measures of verbal and physical aggression in them. Laue *et al*., studied nine boys with familial testotoxicosis. The parents of all the nine boys reported an aggressive behavior that disappeared with the combined spironolactone and testolactone treatment.\[[@ref34]\] Leschek *et al*., described 10 boys with testotoxicosis, four of whom reported aggressive behavior.\[[@ref35]\] However, no detailed assessment of measures of aggression was done in this study.

In the present case series, the absence of aggressive behavior in boys with CAH and high measures of aggression in those with testotoxicosis are in agreement with previous reports. These conditions differ in terms of the prevailing cortisol. The basal cortisol levels were in the normal range for subjects with testotoxicosis and idiopathic precocious puberty. In patients with CAH, although basal cortisol was only marginally lower, high ACTH levels and increased androgen precursors in them indicated a state of partially compensated cortisol deficiency. It is possible that for optimal androgen action, a cortisol sufficient state is required. That could explain the absence of aggression seen in the two patients with CAH in the present case series. We had recently reported the fertility outcomes in patients with classical CAH in spite of the absence of steroid initiation till the age of nine years.\[[@ref36]\] Even mild androgen excess in cortisol replete states (PCOS and Cushing\'s) is known to have adverse effects on ovarian functions. CAH females in our study had good fertility outcomes in spite of prolonged androgen exposure. We hypothesized that cortisol deficiency, as a consequence of an untreated CAH state, was responsible for the apparent androgen resistance in these patients, that is, normal cortisol levels are needed for mediating the adverse effects of androgens on the reproductive endocrine axis of CAH patients. It is also possible that cortisol in a similar fashion also moderates the action of androgens on aggressive behavior.

In conclusion, the boys with CAH had differential behavioral aggressive patterns compared to those with testotoxicosis or precocious puberty. Cortisol sufficiency was possibly a prerequisite for optimal androgen action. This being a small study, larger studies involving more number of patients in each group, are required to validate our findings.
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